LILLi-rTl'M. PROPERTY ORG AN IZA HON 
!r.:err-. u\\ -nal Bureau 


mm 


PC T " 0PLD 

INTLKNATIQNAL APPLICATION PUBLISHED UNDER THE PATHNT COOPERATION TREATY <PCT 


51 International Patent ClaSMticatiun - 

CIPD 499/18. 501712, C12P 37/04, 35/04 ! A I 


11; International Publication Number: 


43' International Publication Date: 


WO 99/15532 


21 Internutionul Application Number: 

22 International Filing Date: '. N :> 


30) Priority Data: 


September 


NT 


■ SI, Designated States Al., A C . ri A. , BH. BG BR. Ca. CN. CO 
CZ. EE. GE. HR HU. ID, T, IS. JP. KP. KK, LC. LK, 

\m. i.r. :t, mo, mk. mn mx. no, nz, pl, ro, sg, 

SI. SK. SL. TP, TT. UA. L'S, l"Z. VN, YU. ARIPO patent ■ 
GH. GM. KE, LT MW, SD, SZ. UG, ZVC, Eurasian patent j 
AM, aZ. BY. KG. tCZ, MD. RL TJ. TM ■, European patent : 
■ AT, BH, CH, CY DP. LK. L>. Hi. KR, GB, GR. IE. IT. ■ 
LI', NIC, NL. PT. SE;. OAPI rater.; ' BF. BJ. CP. CG. CI, 
CM. tiA. G N . CtW. ML. MR, N F . SN. I'D, TG , 


"1 Applicant i.i . Jt'j-i^iu.VJ' S:a:es excc-pi L'S,: CHEMFERM 
Y 3 r INLNL . Biis'er 1 !: NL-^T HX Brvda .NT. 

72 lnvtTituri; jnd 

"5'. Inventors/Applicants for I'Son.y,: BOESTEN. Wijhelmus. ■ 

Hwiiemis, Joseph N C N L j ; Brountilaan <L NL-C132 BJ Su- ; 

tard , N L ; . MOODY. Harold. Monrc [GB/NT]; Hcogzwa- \ 

:ie:istiaat MS. NL h2i: HZ Maastricht < NL). GROOTHN, \ 

Hubcrrj:i. Mann. Jszcf [NLNLj; Hsuvclstrai: 7, NL-6DG j 

PL Stnn iNl.i. j 

(74i Agent: JACOBS. Mn ticue, Sophie, Nicois; Octio^iomeau | 

n^vi p o. Bex 'A NL-C6) MA Geicen iNL;. I 


Published 

With .nt^rnanrn/ii a e arch, re.pc.r: 
In cjigtish :rdnsitZtion i filed ,n Dutch 


, (54) Title: PROCESS FOR RhCOVfcR Y OF A J -LACTAM ANTIBIOTIC 
i5 n ) Abstract 

Process for recovery of a .i-iactarn antibiotic from a mixture containing J -lactam antibiotic and D-phenyl glycine TG) in scluticn. 

with the mixture being Drought to a pH between 3 and S a: a temperature between -5 ana 20 3 C ana at a concentration such that FG remains 
1 in solution, the solid J-lactam .mbbiotic sbtamed oemg recovered and the remaining liquid being subjected to a temperarurc increase to a 

temperature between 10 and 60 'C. with formation cf solid FG, FG being separated out as a solid, and the mother liquor being at least partial; v 
' recirculated, l.'se .s pieferably made of an irat.al mixture sunstatitial ;y containing J-lac(um antibiotic and FG originating from an enzymatic 

ac>l;uion reaction in which the corresponding ^-iactam nucleus, m particular 6-^amincpenic: Manic ac:d. 7-ammodesacetoxycephalosporamc 
' jc;d and "-am:no— 3-crtloio— cet-3-eir l -*i-i-a:r , -oxyhc acid, is acylated w.th a D - phenyl glycine derivative. 
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The invention relates to a process for 
recovery of a Q- lactam antibiotic from a fixture 
substantially cct:air.:"g [5 -lactam antibiotic and D- 
phenyl glycine ( FG ] in sciuticn, with the mixture being 

10 brought tc a pH between 3 and 3 at a temperature 

between -5 and 2C°C and at a concentration such that FG 
remains m solution, the solid 0- lactam antibiotic 
nhraino^ being recovered and the j. ei;id.:::;:g liquid oemg 
s i ib]ected to a temperature increase to a temperature 

15 between 10 and 60°C, with formation of solid FG, FG 

being separated cut as a solid, and the mother liquor 
being recirculated, 

In general, in the preparation cf p - lactam 
antibiotics involving the acylaticn of a 3 -lactam 

2 0 nucleus with a derivative of 2 - phenyl glycine, the P~ 
lactam antibiotic is difficult tc recover and the 
reaction mixture is difficult tc work up. Working up 
often involves substantial losses cf valuable 
components, in particular the p- lactam antibiotic, 

25 partly ir; the form of solubility losses and partly 
because cf degradation as a result cf the limited 
stability cf p-lactam antibiotics. 

The invention provides a new concept for 
recovery of (3- lactam antibiotics whereby, in a simple 

30 process that can be applied cn an industrial scale, the 
losses of p-lactam antibiotics are strongly reduced and 
also valuable D - phenyl glycine is recovered. The 
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invention is based cn the fact chat it has been found 
that FG can he heavily supersaturated, at relatively 
low temperature, m the solution containing FG and the 
antibiotic and can remain so for a long time without FG 
precipitating cr crystallizing out. In consequence, it 
is possible to selectively recover the p- lactam 
antibiotic at lew temperature by isolating it, after 
crystallizing, through a pH shift which does not cause 
the FG to crystallize out. Furthermore, it has been 
found that increasing the temperature of the mother 
liquor causes FG tc crystallize cut rapidly whilst the 
3 - lac tarn antibiotic does not crystallize out. In this 
mannp^- , FG can be recovered selectively, in the 
aforementioned manner, complete separation between p- 
lactam antibiotic and FG can be effected. 

During the acylation reaction of the lactam 
nucleus and a suitable acylation agent, in particular 
an enzymatic acylation reaction with for example an 
amide of D- phenyl glycine, for example D-phenyl glycine 
amide (FGA) or an ester of D-phenyl glycine, for 
example the methyl ester of D-phenyl glycine (FGM) , the 
acylation agent hydro lyzes with the p- lactam antibiotic 
tc form D-phenyl glycine (FG) . 

The mixtures obtained after an acylation 
reaction may contain, besides the p- lactam antibiotic 
and FG, for example as yet unconverted p- lactam nucleus 
and/or acylation agent, for example FGA or FGM. It has 
been found that the exact compositions of the mixtures 
that may be applied in the process according to the 
invention are not particularly critical. Mixtures that 
may suitably be applied in the process acccrding to the 
invention are preferably mixtures containing 10-150 0 
mM, in particular 53-1000 mM , 3 -lactam antibiotic; 3- 
1500 mM, in particular 0-10O0 mM FG, C-1000 mM , in 
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10 


15 


2 0 


particular :- 2 0C nM (3-lactan nucleus and O-iooo, ia 
particular C- 4 - ^ i: -phenyl glycine derivative. 

Tce [Illx:urs — p-lactax antibiotic and ?G 

is brought to such cctc^^-r^ - 

^**< — *w^a^o_ and on that al' 

components, m particular the components mentioned are 
dissolved, to that end, the pH is preferably chosen to 
be low , for example between 0 and 3 , m particular 
between c . 3 and 2 . When the process is carried ou - ~ n a 
large scale, a mere or less continuous working-up 
process is preferably opted for. A continuous 
dissolving process allows a shorter residence tim- at 
relatively hrgh or low pH. if desired, anv solid 
corr.poner.es still present can be separated out bv for 
example filtration or ultrafiltration. 

According to the invention, the mixtu-e 
which may still contain solid P -lactam antibiotic, is 
first brought to a pH between 3 and 3 , preferably 
between 5 . 5 and 8 , in particular between 6 . 5 and 7 
with measures being taken, for example adding water to 
ensure that the concentration of the reactants, in ' 

particular FG, i s su— 

su_ .hat tne reactants, optionally 

with the exceDti-^n n - 

P Un °~ — e P"-actam antibiotic, remair 

in solution whether or not supersaturated The 
temperature is between -5 and 20°C, preferably between - 
3 and 15°C, i n particular between 0 and ic°C. The 

temperature is keDt relat-vel- i nl , u 

- --j-ac^^eiy low, because it has 

. .ee.. -mna tnat F3 can be heav-'v 

supersaturated -under these condition, without' FG 
precipitat mc . 

Furthermore, it has been found th=- a 
temperature increase of the mother liquor re,a:vn 5 
after separation of the P -iactam antibiotic causes PG 
to crystallize rapidly m the form of larce crvstals 
that can be filtered readily. The temperature is 
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increased to a value between ic and SO'C, preferablv tc 
a value between :z and 5C°C. :., particular between i; 
and 4C°C. ir. which process the pH of the fixture mav i- 
principle be varied m the range from 3 to 3. The cH 
preferably is between S.5 and 5, m particular between 
£ . 5 and 7.5. 

Now that the FG has crystallized cut. f-e 
concentration has diminished so that, after being 
cooled, the mother liquor remaining after 
crystallization and separation of FG can at least 
partially be recirculated tc for example the dissolvinc 
vessel, which also receives a fresh mixture of P-iactam 
antioictic and FG . Such recirculation preferably taJces 
Place at such a rate that FG remains in solution in th- 
dissolving vessel and remains supersaturated in the (3- 
lactam antibiotic crystallization vessel. Since the FG 
mother lienor can at least partially be reused for (3- 
lactam antibiotic crystallization, the solubilitv 
losses can be kept low. rhe degradation losses, too 
are relatively low because of the favourable process 
conditions . 

-he process is preferably carried out 
continuously, with a fresh mixture of (3- lactam 
antibiotic and FG being added all the time and a sna ^ 
proportion of for example the FG crystallization mo-rer 
Hqucr being discharged all the time. Preferably -,e 
rlow of the discharge stream is chosen so that the 
volume of the process stream at various points ir. fe 
process remains constant m time. In a continuous 
process, the discharge stream can m prmciole be 
smaller. A possible process scheme is given m Figure - 
by way cf illustration. 

The process according to the invention can 
suitably be applied m the preparation of such 3-lactam 
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ar A t:b*c::cs as have a phenyl give me sioe 

becampicilim , c alanp i c i 1 1 in and ceia.oc.'. 
Any 2-lactam nucleus can m p: 
used, in particular a ^-lactam nucleus wi; 
formula {!) 


>am, rcr 
.ne . 

icipie be 
the general 


H 2 N 



-or^ roc or 


acorn 


s ; N Y represents CH 2; 0, S cr 


^ ^-j . 

n oxidized form cf 


sulphur; and^Z represents 



of 


CH, 


where Ri represents for example H , OH, naioger. , an 
alkoxy group having 1-5 Z atoms, an aikyi group having 
1-5 Z atoms, a cyclcalkyl group having 4-3 C atoms, an 
aryl or a he teroaryl group having 6-10 C atoms in which 
the groups may or may not be substituted with fcr 
example an alkyl, an aryl, a carboxy cr an all-coxy group 
having 1-S C atoms; and where the carhoxyiic acid grcup 
may be an ester grcup if so desired. 

Suitable examples of (3 lactam nuclei that 
mav be employed in the process according tc the 
invention are penicillin derivatives, for example 6- 
amincpeniciilanic acid ;6-A?A) and cephal o sporanic acid 
derivatives, fcr example a "7 - amino cephaic sporanic acid 
with cr without a subst ituent at the 3 -site, for 
examnle ^ - ammcc epha lospor an i c acid (7-ACA), 7- 
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aruincdecacetcxycephaiospcranic acid '"-ASCAj and "- 
ammo - 2 - chlcrc - cef - 3 - err, - 4 - cartoxyl;: acid ; ^ - ACCA . 

I n principle, any enzyme chat: is suitable 
as a cacaiysc m Che c cup line reacc icn can be used as 
che er.zpie . Such enzymes include the enzymes 
collectively referred tc as penicillin amidase or 
penicillin acylase. Such enzyrr.es are described in for 
example J . G . She wale et al . , Process Biochemistry , 
August 1 S 6 3 , pp. 146 -154 and in J.G. She wale et all, 
Process Biochemistry International, June 1 9 9 C , pp. 97- 
103. Examples cf suitable enzymes are enzym.es derived 
from Acetcbacter . , in particular Acetobacter 
oasteurianum . Aercmcnas , Alcalicrenes . in particular 
Alcal ioenes faecalis . fi pfranocladiu n, Bacillus so . , m 
particular Bacillus meaaterium . Cgpr.alsggQyjum, 
Escherichia . in particular Escherichia coli , 
Flavor- act erium . Fusarium , m particular Fusarium 
oxyspomm and Fusarium Sol am , Kluyvera , Myccolana , 
Protaminobacter . Proteus , in particular Proteus 
ret tgar i . Pseudcr.cnas and X ant home nas , in particular 
Xanthomonas citrii . 

Preferably an immobilized enzyme is used, 
since the enzyme can be easily isolated and re -used 
then. A suitable immobilization technology is described 
for instance in EP-A-222462. Another suitable 
technology censists m immobilizing the Penicillin G 
acylase on a carrier which contains a gelatine agent, 
for instance gelatin, and a polymer with free amino 
groups, for instance alginate amine, chitcsan or 
polyethylene imme . In addition, enzyme s may also be 
utilized as a crystalline substance ^CHEC's™). 

Particularly suitable enzymes among the 
immobilized enzymes chat are commercially available are 
the Escherichia cell enzyme from. Eoehnnger Mannheim 
GmbH, which is commercially available under che name 
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EnzygelS , the immobilized ?er_ciIl:r.-G acylase from 
Reccrdati and the immobilized ?eni c ill ir: - G acylase f rem 
? h arma 3 i c c e c nr. c 1 c gy H a nnc ver . 

In the enzymatic ] acylaticn reaction, the 
acylaticn agent can he for ins cane e a 0- phenyl glycine 
in activated form, preferably a (primary, secondary cr 
tertiary! amide cr salt thereof, or a lower alkyl ti- 
4C) ester, for ins nance a methyl ester. 

The cermoerature at which the enzymatic 
acylaticn reaction is effected usually is belcw 40°C, 
preferably between -5 and 3 5°C. The pH at which the 
enzymatic acylaticn reaction is effected usually is 
between 5.5 and 9 5, preferably between 6.0 and 5.0. 

The reaction preferably is stepped almost 
completely when maximum conversion has been all but 
achieved. A suitable embodiment for stepping the 
reaction is to lower the pH, preferably to a value 
between 4.0 and 6.3, in particular between 4.5 and 5.7. 
Another suitable embodiment is to lower the temperature 
of the reaction mixture on attaining the maximum 
conversion. A combination of the twe embodiments is 
possible also. 

Once the reaction has been stepped on 
attaining the maximum conversion, the reaction mixture 
usually is present m the form of a suspension 
comprising a plurality of solids, for example the 
antibiotic, E-phenyl glycine and, possibly, immobilized 
enzyme. The immobilized enzyme preferably is recovered 
m tne interest of process economies . This can suitably 
be accomplished for example by filtering the reaction 
mixture cn a sieve, while stirring, the stirrer's 
direction of rotation being chosen so that the 
suspension is pumped upwards at the centre cf the 
stirrer. Subsequently, valuable components such as the 
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antibiotic and FG can be recovered by the process 
according to the invent icn, with the solid component 3 . 
possibly apart from sclid antibiotic, being dissolved 
first, by means of for exarr.pl e a pH shift . 

The pK may be lowered m several ways in 
the framework of the invention, for instance by adding 
an acid to the mixture. Suitable acids are for example 
mineral acids, m particular sulphuric acid, 
hydrochloric acid or nitric acid. Preferably, 
hydrochloric acid is used. The pK can be raised by for 
example adding a base to the mixture. Suitable bases 
are for example inorganic bases, m particular ammonium 
hydroxide, pnt^-ium hydroxide or audi an; hydroxide. 
Preferably, ammonium hydroxide is used. 

In practice, the enzymatic acylaticn 
reaction and the working - up of the reaction mixture are 
usually effected m water. If desired, the reaction 
mixture may also contain an organic solvent or a 
mixture of organic solvents, preferably less than 3 0 
vol . % . Examples of suitable organic solvents that can 
be used are alcohols having 1-7 C atoms, for example a 
mono alcohol, in particular methanol or echanol ; a dicl, 
in particular ethylene glycol, or a triol, in 
particular glycerol. 

The proces-s according to the invention is 
particularly suited for being used in working up the 
reaction mixture obtained after tne enzymatic deviation 
reaction in which 6-APA is acylated with an amide of 3- 
phenyl glycine, for example FGA, or an ester of D- 
phenyl glycine, for example ?GM . 

In a preferred embodiment of the process 
measures are taken to ensure that the concentration of 
dissolved 6-AFA m the reaction mixture is kept 
relatively low so that a higher conversion can be 
achieved than when the concentration of dissolved 5 -A? A 


?ri 
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is chosen :c be as high as possible. 

Moreover, it has been found that the 
s::rr=bili:y of the reaction mixture is significant!"/ 
higher when the concentration cf dissolved 6 -APA is 
kept low. 

In the present context, 'conversion' refers 
to the molar ratio cf the ampicillin formed and the 
amount of 6 -APA used. The concentration of dissolved 6- 
APA is expressed as the amount of S-APA in moles per kg 
of the reaction mixture; the total concentration, 
dissolved and undissolved , of 6-APA is expressed as the 
amount cf 6-APA plus ampicillin in moles per kg of the 
total reaction mixture; the total reaction mixt-.nrp may 
contain, besides the solution, a number of solids, for 
example 6-APA, ampicillin, phenyl glycine and 
immobilized enzyme. 

The molar ratio of acylation agent and 6- 
APA, i.e. the total amount of phenyl glycine derivative 
added, divided by the total amount cf 6-APA added, 
expressed in moles, is preferably less than 2.5. It is 
preferred for the molar ratio to be between l.o and 
2.C, in particular between 1.2 and 1.3. 

The enzymatic acylation reaction is 
preferably carried out as a batch process. If desired, 
the reaction can also be carried out continuously, with 
in-line control of the concentration of dissolved 6- 
APA . 

The total concentration of 5 - APA plus 
ampicillin (in dissolved and undissolved form) in the 
reaction mixture preferably is higher than 250 mM , more 
preferably higher than 3 30 mM, in particular higher 
than 3 5 0 mM . 

In this preferred embodiment, the 
concentration of dissolved 6-APA during the preparation 
of ampicillin is essentially kept below 300 oK , 
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preferably be lev; 2 SO mM . At a higher ::r.cer.:ra:::r. cf 
che a oy la tier agent, one concern rail or. cf dissolved 6- 
A?A may optionally chosen to he higher than at a lever 
concentration. This is because the rate cf reaction is 
5 higher at higher concentrations of the acylation agent, 
sc that 6 - APA is dissolved in a high concentration for 
only a relatively short period. 

The concentration of b-APA dissolved in the 
reaction mixture can be kept low in various ways . One 

1C possibility cf keeping the concentration of dissolved 
5 -APA low is to initially feed only a portion cf the 
total amount cf 6 -APA and to meter in the balance 
during the rpart-icn. A drawback of this is, thai m onat 
case 6-AFA needs to be metered in solid form, which 

15 presents practical problems. Therefore, it is preferred 
in a batch process for the total amount of 6 -APA to be 
supplied at the start of the reaction, whereupon, 
during the enzymatic acylation reaction, the 
concentration of 6 -APA in the reaction mixture will 

20 decrease and the concentration cf ampicillm will 
increase. A suitable method of achieving a lev; 
concentration of dissolved 6 -APA is for example to keep 
the pH at a lower value than that at which maximum 
solubility cf the reactants is achieved. A particularly 

2 5 suitable method of keeping the dissolved 6 -APA 

concentration low is for example to ensure that the 
concentration of the pnenyl glycine derivative is kept 
low, for example by metering in the phenyl glycine 
derivative partly in the course of the reaction. 
3C In this context, it has been found that, if 

the concent rat ion cf the phenyl glycine derivative is 
kept low, only little 6 -APA is dissolved sc that the 
dissolved 6 -APA concentration can be controlled by 
metering the phenyl glycine derivative. 

3 5 A particularly suitable embodiment is 
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obtained when FGA is added in the form cf one of ::s 
salts, preferably the sal- cf FGA and a mineral acid, 
for example FGA.KG1, FGA . 1 / 2K-S G 4 and FGA.KNC^. In this 
manner it is possible to readily ensure optimum 
metering of the FGA by keeping the pH constant. 
Preferably, FGA.1/2H 2 S0 4 is used inasmuch as this salt 
possesses extremely high solubility. 

In the framework of the present 
invention the various components may be present in the 
reaction mixture in the free form or as salts. The pK 
values mentioned are in all cases the pH values 
measured at room temperature . 

The invention will be further eluoida " <=>H by 
means of the following examples, without however being 
restricted thereto. 

^previa. t ions ; 

AMP I - ampicillin 

AMP 1 . 2 K 2 C = ampicillin t rihydrate 
6-APA - S -amine -penicillamc acid 
FGA = D - phenyl glycine amide 
"G = D - phenyl glycine 

FGHM - D-p-hydrcxyphenyl glycine methyl ester 

Assemhlase™ is an immobilized Escherichia 
eeli penicillin acylase from E. coli ATCC 1135 as 
described in WO -A- 97/ 04 086 . The immobilization is 
effected as set cut in EP-A-222462 , with gelatin and 
chitcsan being used as ge la ting agents and 
glut ar aldehyde as cros s linking agent. 

The ultimate activity of the Escherichia 
coli penicillin acylase is determined by the amount of 
enzyme added to the activated spherules and amounted to 
3 ASU/g cf dry weight, 1 ASU (Amoxicillin Synthesis 
Unit: being defined as the amount cf enzyme capable cf 
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: GHM 


Preparation cf FGA.i/H : SC 4 solution 

3 CI. 5 g of FGA (2. CO mole) were suspended 
in £50 g of water at r = 5"=. 102.1 g of SS - % k 2 3C, 
il.:0 mole) were added drop-wise in 1 hour while 
stirring, with the temperature being kept at T < 25*C by 
means cf cooii-c. 

Example tt 

Enzymatic synthesis of ampicillin 

An enzyme reactor (1.5 1, diameter n cm), 
fitted with a 175 urn mesh sieve bottom, was filled with 
300 g of net-wet assemblase™ (the term net-wet refers 
to the mass of the enzyme obtained on separating the 
enzyme from an enzyme slurry with the aid of a g^ass 
filter) . 

A preparation reactor (1.2 1) was filled 
with 121.5 g C f 5-APA (C. 600 mole), 30.2 g of FGA 
(C.200 mole) and 400 ml cf water (T = 10°C). This 
mixture was stirred for 15 minutes at T = io°C and then 
at t = 0 transferred into the enzyme reactor with the 
aid of 100 mi cf water (T = 10°C) . 

" : * e stirrer m the enzyme reactor was 
switched on at 

- = The temperature was kept at i~c all the time. 
423.7 g of FGA. HI-: : SC, solution (0.800 moiei were added 
at a constant rate over a pericd of 2 2 3 minutes. The p"~- 
was apprcx. £.3. From t = 2 35 minutes onwards the DH 
was maintained at £.3 by titrating with SN Kj SC. . At t = 
3-0 minutes the amount cf AMP I was maximum and the dK 
was reduced to 4.7 by adding SN h 2 SO, . The enzyme 
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reac:cr new c entailed: 
575 mmc I e AMP I 
15 mmcle 6-APA 
5 0 nunc 1 e F G A 
3 3 5 5 mmole FG 

Example III 

Separation cf AMPI/FG slurry from enzyme reactor 

The AMPI/FG slurry prepared as described in 

10 Example II was removed from the enzyme reactor via the 
sieve bottom by means of stirred filtration. This was 
done using a pit ched - blade stirrer, which was 
positioned at 0.5 cm over the sieve. Stir-rSnrr was in 
upward direction at approx. 5 00 rem. The AMP I / FG slurry 

15 separated from the reactor was filtered on a G3 glass 
filter. The AMP I / FG wet cake was put aside and the 
mother liquor was returned to the enzyme reactor, 
whereupon stirred filtration followed by G3 filtration 
of the AMPI/FG slurry resumed. The enzyme reactor was 

20 washed with the AMPI/FG mother liquor in this fashion 
until no more solid matter was flushed out of the 
reactor. The last mother liquor collected in G3 
filtration was combined with the AMPI/FG wet cake to 
fcrm an AMPI/FG slurry. 

25 The AMPI/EG slurry so obtained contained > 

39.0% of the total amount cf AMPI produced in the 
enzyme reactor and > 95.5% cf the total amount of FG 
produced in the enzyme reactor. After this stirred 
filtration, > 33.5V of the Assemblase™ was present m 

3 2 the enzyme reactor. 

Example IV 

Recrys t al 1 izat ion cf amp ic 1 1 1 in 
Recrys t al 1 izat ion was effected in a rig 
3 5 (Fig. 1) consisting of a storage vessel ;v 1( - 21), a 
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pump, a dissolving vessel V : ; C.05 l! f a filter :? 3 ; 
fitted with a Seitt filter plate, a pump, an AM?I 
:r%-3:a:i::a::cn vessel ( V : ; c.5 1 , two glass filters 1A 
and IB ;? 1A and ? 13 ) arranged m parallel, a puxp, a heat 
exchanger, an FG crystallization vessel [\\; 0.5 i;, two 
glass filters 2A and 2B IF :A and F 23 ) arranged in 
parallel, a pump and lastly a heat exchanger connected 
tc the dissolving vessel. The line between filters 2A 
and 2B and the dissolving vessel contained a three-way 
valve enabling a portion of the stream to be 
discharged. All vessels were provided with a stirrer, a 
thermometer and a pK electrode. 

AXPI/FG sluiiy whicn was isolated as 
described in Example III was quantitatively transferred 
to the storage vessel and cooled to 2°C while being 
stirred . 

The recrystallization loop (from the 
storage vessel up tc the heat exchanger inclusive) was 
filled with a total cf apprcx . 1350 grams of initial 
solution consisting cf an aqueous solution of 0.6% AM? I 
and C.6% FG . The recrystallization locp t. except the FG 
crystallization vessel and the glass filters 2A and 23) 
was cooled to 1-2°C. The FG crystallization vessel and 
the glass filters 2A and 2B were kept at 20°C. 
Circulation in the recrystallization loop (flow =1.2 
litre per hour) was started. The pH in the dissolving 
'•esse, was adjusted to pH r ;.25 by titration with S!T 
HC1 solution. The pH m the AM? I crystallization vessel 
was adjusted tc pH = 6 . 5 by titration with 2 5 wt . \ NH 3 
solution. 13 . C grams of AMPI.3KO were added to the AM? I 
crystallization vessel as nuclei. 10.0 grams of FG 
nuclei were added to the FG crystallization vessel. 

Recrystallization was started at t = o hv 


r r i n t e h from Mimosa 


V».0 99/15532 


PCT/NL98/00539 


10 


2C 


25 


meterinc the W.-i/vc <-■]..,-_, £ „ 

si - rr > — cm rr.e storage vessel tc 

the dissolving vessel (flow = o . 14 litre per hcuri T - 
contents of the storage vessel were added to the 
dissolving vessel in appro*. 3 hours. The levels m th» 
dissolving vessel and the AMPI and FG crystallization " 
vessels remained constant throughout. This was 
accomplished by discharging a proportion of the FG 
mother liquor to the dissolving vessel rather than 
recirculating it. 

The AMPI slurry from the AMPI 
crystallization vessel was filtered on glass filte- ^A 
without interruption while the mother liguor was feeing 
pumped^ to the FG crystallization vessel. The FG slurrC 

FG Ci ^ stal iization vessel was filtered on 
glass filter 2A and the mother liguor was pumoed back 
to the storage vessel. The AMPI/FG slurry from the 
storage vessel and the FG mother liguor were mixed in 
the dissolving vessel at a ratio of i to 8.5 throughout 
the experiment. The storage vessel was empty after 
apprcx. 8 hours and a total of 33 0 ml of 3N HC1 
solution had been metered into the dissolving vessel. 

At t = a hours the storage vessel was 
filled with fresh AMPI/FG slurry that had been isolated 
as described in Example in. AMPI separation in the 
recrystallization loop was switched from glass filter 
1A to 13 and FG separation was similarly switched from 
glass filter 2A to 23. 

The AKPI wet cake on glass filter F1A was 
washed with 2 x 175 ml of water (T = 5 °C) and dried. The 

?G W£t Cake ° n Siass f -- r -er 2A was washed with 2 x 60 
ml of water and dried. 

Recrystallization was carried cut 
continuously by filliag , he storagg vessel with 

slurry every 8 hours and by alternated, msertinc a^d 


WO 99/15532 

16 * PCT/NL98/00539 
e»F = yir.g -.he gl ass filtBra lft ^ ^ 

■„ -J— -vers apcrcx. c . is i--^ 
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1. Process fcr recovery cf a 0 - lactam antibiotic from 
5 a fixture containing the [3- lac tax antibiotic and 

2-phenyl glycine (FG) in solution, with the 
mixture being brought to a pH between 3 and 3 at a 
temperature between -5 and 2 C °C and at a 
concentration such that FG remains in solution, 

10 the solid [3-iactam antibiotic obtained being 

recovered and the remaining liquid being subjected 
to a temperature increase to a temperature between 
i_n arid £C°C, with formation or solid FG, FG being 
separated cut as a solid, and the mother liquor 

15 being at least partially recirculated. 

2. Process according to Claim 1, in which the 
temperature of the mixture is between -3 and 15°C. 

3. Process according to Claim 2, in which the 
temperature of the mixture is between 0 and 10°C. 

20 4. Process according to any one of Claims 1-3, in 
which the temperature in increased to a value 
between 12 and 5 0 ° C . 
5 . Process according tc Claim 4 , in which the 

temperature is increased tc a value between 15 and 
25 40°C. 

o. Process according to any one of Claims 1-5, in 

which the mixture is brought tc a pH between 4 and 

-7 

7. Process according to any one cf Claims 1-5, in 
3 0 which the mother liquor is recirculated to the 

mixture containing dissolved 3 - lac t am antibiotic 
and FG. 

3. Prccess according to any one of Claims 
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characterized in that the process is carried cut 
continuously . 

Process according to any cne cf Claims 1-3, in 
which the initial mixture substantially cent amine 
p- lactam antibiotic and FG originates from an 
enzymatic acylaticn reaction in which the 
corresponding p- lactam nucleus is acylated with a 
D-pnenyi glycine derivative . 

Process according to Claim 9 in which the mixture 
obtained after the acylation reaction is first 
subjected to a pK reduction to a pK between 0 and 
3 . 

Piuuess according to Claim 10 in which the mixture 
is subjected to a pH reduction to a pE between 0.3 
and 2 . 

Process according to any cne of Claims 1-11 in 
which the mixture contains 10-1500 mM p-lactam 
antibiotic, 0-1500 mM FG, 0-1000 mM D-phenyl 
glycine derivative and 0-1000 mM p-lactam nucleus. 
Process according to any one of Claims 1-12 in 
which the [3-lactam nucleus is 5 - aminopenic ilianic 
acid (6-APA) and the p-lactam antibiotic is 
ampicillin . 

Process according^ to any one of Claims 1-12 in 
which the lactam nucleus is 7- 

amincdesacetoxycephalospcranic acid i7-ADCA) and 
the p - lactam antibiotic is cephalexin. 
Process according to any cne of Claims 1-12 in 
which the lactam nucleus is 7 - amino - 3 - chlorc - cef - 
3 -era-4 -carboxylic acid (7-ACCA) and the p-lactam 
antibiotic is cefaclor. 
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